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Failure Mechanisms and Traps in GaN HEMTs
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Stress in GaN HEMT Devices
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» Cost effective method to study stress effects
« Canincrementally apply and release stress while
Characterizing electrical response
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GaN HEMT Piezoresistance

Wide range of published gauge factors ( GF _F?—Rg )
Reference GF AR/R € (%) (MCIIDa) Method of Stressing
Our work -2.8 0.33% 0.114 360 4-point bending
[1] -4 0.14% .03 95 3-point bending
[2] -42 0.2% .005 15 3-point bending
[3] -75 3.5% .04 126 3-point bending
[4] -90 15% 0.167 525 Cantilever
[5] -350 5% .0143 45 Lever-Mass
[6] -1,259 1.7% 1.35x10* 0.42 Cantilever
[7] -38,889 15% 3.85x104 1.2 Circular Membrane

[11R. Gaska, et al, APL, vol. 72, pp. 64-66, (1998).

[2] M. Eickhoff, et al, JAP, vol. 90, 3383-3386, (2001).

[3] C. T. Chang, et al, IEEE Electron Device Letters, vol. 30,
pp. 213-215 (2009).

[4] T. Zimmermann, et al, IEE Electron Device Letters, vol. 27, [71B. S. Kang, et al, APL, vol. 85, pp. 2962-2964, (2004).
pp. 309-312, (2006).

UF FLORIDA N

The Foundation for The Gator Nation Englneeﬂng A 21% Century Approach to Reliability 4 k"%“"‘!

[5] O. Yilmazoglu, K. et al, EICE Trans Electron, vol. E89-C,
pp. 1037-1041, (2006).
[6] B. S. Kang, et al, APL, vol. 83, 4845-4847, (2003).




Experimental Setup — UV lllumination

Electrical measurements under stress Elimination of charge trapping effects
Polystyrene heat shield
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GF Measurement Results
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« Tensile stress decreases Rgy GaN HEMT
« Compressive stress increases R Gauge Factor | -2.8 0.4

A. D. Koenhler et al., “Extraction of AIGaN/GaN HEMT Gauge Factor in the Presence of Traps,”
IEEE EDL, Vol. 31, pp. 665-667, 2010.
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Stress-Varied Channel Resistance
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M. Chu et al., “Simulation of AIGaN/GaN High-Electron-Mobility Transistor Gauge Factor Based on
Two-dimensional Electron Gas Density and Electron Mobility,” J. Appl. Phys., p. 104502, 2010.
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Mechanical Stress on GaN HEMT Reliability

Gate Leakage
Modeling

Stress Measurements

Wafer Bending

Stress Measurements
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Device and Material Flow
Materials Devices Electrical
Characterization Characterization
Membranes |e¢ / AFRL Devices )\ Noise
LEAP / Electrical { Mechanical Stress
/‘ Stress Testing
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Theory Flow
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